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Changing from intensive anticoagulation to
treatment with aspirin alone for coronary stents:
the experience of one centre in the United
Kingdom
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Abstract
Objective-To investigate whether an
elective change in the anticoagulation
protocol for patients with coronary stents
affected clinical outcomes and length of
hospital stay.
Design-Retrospective observational study
of a consecutive series of patients treated
with coronary stents over an 18 month
period from April 1994 to October 1995.
Background-Intensive anticoagulation
regimens are used in many UK centres to
reduce the risk of coronary stent throm-
bosis. Recent data have called into ques-
tion the necessity for full anticoagulation
and favourable results have been reported
with antiplatelet agents alone. The results
from a tertiary referral centre were inves-
tigated during a period where an elective
change in policy was made: an initial 70
patients were treated intensively with
intravenous heparin and with warfarin
and aspirin; subsequently 94 were treated
with aspirin and deployment of a high
pressure balloon only.
Methods-Review of case notes,
angiograms, and a database of interven-
tion procedures and telephone interview.
Classic epidemiological techniques, as
well as linear regression and logistic
regression, were used to model the out-
comes of major procedural complications
and length ofhospital stay.
Patients-164 patients treated with 196
coronary stents.
Results-There were 22 (13.4%) major
complications (coronary bypass grafting
11, subacute thrombosis 6, tamponade 2,
myocardial infarction 1, death 2). With
logistic regression, the risk ofmajor com-
plication was shown not to be affected by
anticoagulation (relative risk (RR) 1-03;
P = 0 97). Significant determinants of
risk included acute vessel closure as an
indication for stenting (RR = 80-6;
P < 0-001) and sex (male: female RR =
0*19; P = 0.02). The median length of
stay (LOS) was 5 days (1-45). Use ofa lin-
ear regression model showed that antico-
agulation added 4 5 days and a major
complication added a further 4 5 days to a
baseline length of stay of 3-2 days (R2 =
0-32; P < 0-001).
Conclusion-This is a report of coronary
stenting as part of usual clinical practice
in one British tertiary referral centre. In
this experience, treatment with aspirin

alone is probably as safe as intensive anti-
coagulation, and has the benefit of reduc-
ing length of stay by more than 50% to 3-2
days in an uncomplicated case.

(Heart 1996;76:238-242)
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Since the first report of coronary stent implan-
tation in man,' the technique has become
widely adopted. It has the virtue of reducing
the incidence of restenosis in selected cases,23
and reducing the need for urgent coronary
artery bypass grafting (CABG) to rescue
patients with occlusive dissection after percu-
taneous transluminal coronary angioplasty
(PTCA).4 The weakness of stent implantation
is the complication of subacute thrombosis
(SAT). This occurs at an unpredictable
period-between two days and three weeks
after the procedure.5 SAT may therefore cause
myocardial infarction or death after hospital
discharge-when rescue CABG is not rapidly
available. There are no adequate randomised
controlled trials of treatments or treatment
strategies that are designed to minimise this
risk. The first report of experience with the
slotted steel Palmaz-Schatz stent showed a
15% incidence of SAT in the initial cohort of
39 patients treated with antiplatelet agents
alone and a 0-6% incidence in the subsequent
174 treated with an intense regimen of intra-
venous heparin, intravenous dextran, aspirin,
dipyridamole, and warfarin.6 These data have
influenced the widespread adoption of similar
regimens (generally without dextran or dipyri-
damole) which remain current practice in
most cardiac centres in the UK (unpublished
data from the second Leeds Advanced
Coronary Stent Symposium, October 1995).

Aggressive anticoagulation carries consider-
able penalties: a prolonged hospital stay (typi-
cally 6-9 days) and a greatly increased risk of
vascular access complications and haemor-
rhage (a reported incidence of 7_14%).2 3
Recent studies from a single centre in Italy'
and from a French multicentre registry8 re-
examined the necessity for anticoagulation,
and reported subacute thrombosis (SAT) rates
of 1-1 6% when the antiplatelet agents aspirin
and ticlopidine alone were used. These data
suggest that factors such as experience, lesion
selection, and balloon size and pressure are the
important determinants of SAT-contrary to
the early conclusions of the pioneers of the
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technique. On the basis of the reported experi-
ence with antiplatelet agents alone, we elected
to change from intensive anticoagulation to
treatment with aspirin alone in March 1995.
This report is based on our analysis of major
complications and change in length of hospital
stay in 164 patients over an 18 month period
up to October 1995. Seventy patients were
treated with a conventional "aggressive" anti-
coagulation regimen and 94 with aspirin
alone.

Patients and methods
PATIENTS
We examined the case records and angiograms
of 164 consecutive patients treated with coro-
nary stents in Papworth Hospital between
March 1994 and October 1995. They were
identified from three sources: the cardiac
catheterisation laboratory log, a database of all
intervention procedures, and the hospital
administration system. There was 100% ascer-
tainment of all intervention cases where stents
were implanted in the coronary artery-that is,
this analysis is by "intention to stent". Data
were collected on age, sex, clinical presentation,
lesion(s) treated, equipment used, and drug
regimen.The nominal diameter of the deployed
balloon at the maximum pressure used (from
the manufacturer's quoted compliance) was
taken as the final diameter of the stented seg-
ment. Forty three advanced vascular engineer-
ing (AVE) type 1 steel stents, 75 Palmaz-Schatz
slotted steel stents, and 26 Wiktor tantalum
stents were used over the study period. There
were no predetermined indications for each
type, these were chosen at the discretion of the
five operators in the study. Quantitative angiog-
raphy was not used to determine reference vessel
diameter-thus, the "balloon-artery ratio" was
not calculated. Unstable angina was defined as
chest pain that required hospital admission and
in-patient revascularisation. Intravascular ultra-
sound (IVUS) was not used to guide stent
deployment. Thirty one patients were readmit-
ted or had clinical events during their hospital
stay after the procedure. An additional 114
patients who had not been readmitted to hospi-
tal were interviewed by telephone to determine
whether any had experienced symptoms com-
patible with subacute stent thrombosis after
hospital discharge.

OUTCOME MEASURES
We examined two outcomes: major procedural
complications and length of hospital stay.
Complications were classified as:

(1) Cardiac death (at any time)
(2) Myocardial infarction (MI) within one

month (defined by modified WHO criteria9)
(3) CABG for vessel closure within one

month of the procedure
(4) Subacute stent thrombosis (this required

angiographic proof of target vessel closure
within one month)

(5) Cardiac tamponade. This life-threatening
adverse outcome was included in the analysis
because of its severity, but was not judged to be
mechanistically related to subacute thrombosis.

ANTICOAGULATION
All patients were taking 75 mg aspirin/day at
baseline. Those treated with intensive anticoag-
ulation received an initial 15000 U of heparin
during the catheter laboratory procedure, with
further 3000U boluses to maintain the acti-
vated clotting time (ACT) at more than 350
seconds. After the procedure, no further
heparin was given. The ACT was measured
every 15 minutes on the ward, with removal of
the sheaths once the value was less than 200 s.
After 30 minutes haemostasis without compres-
sion, heparin was restarted, with a target ACT
of 190-220 s. Warfarin was given on the
evening of the procedure, with a target interna-
tional normalised ratio (INR) of 2-5-3-5. The
heparin was continued for 24 hours after the
INR had reached 2 5.

After the change in protocol, patients treated
with aspirin alone received heparin during the
procedure to maintain the ACT > 350s, and
none thereafter. Most patients received 75 mg
of aspirin; 25 had 300 mg at the time of the pro-
cedure and 300 mg/day thereafter. Ticlopidine
was not used because of concerns about the risk
of bone marrow toxicity and because it was
available only on a named patient basis. Four
cases were treated with the full anticoagulation
protocol after the change in policy; in two cases
this was for a suboptimal result with stent out-
flow dissection and two other patients were tak-
ing warfarin for another indication.

STATISTICAL ANALYSIS
Baseline variables are reported as means with
standard deviation (for normally distributed
variables), medians with range (for other con-
tinuous variables), and percentages (categori-
cal variables). The Shapiro-Wilks statistic was
used to test the departure of the distribution
of continuous variables from normality.
Differences between groups in baseline vari-
ables and the influence of baseline variables on
the outcome of major complications were
tested with Pearson's X2 (with odds ratios cal-
culated with the approximation of Woolf), the
Mantel-Haenszel test, and Student's t test as
appropriate. Logistic regression was used for
multivariate analysis, with 11 variables entered
in a single, "forced entry" step. Continuous
variables were dichotomised around the
median to maximise the power of the analyses.
Stepwise linear regression was used to model
the effect of all potential explanatory variables
on length of stay. Variables were entered back-
wards into the model, with threshold values of
the F statistic of 4 for entry and 2 for remaining
in the model. A two tailed P value of < 0 05
was considered significant in all analyses.
Odds ratios and coefficients are quoted with
95% confidence intervals (CI). Stata 4 0 soft-
ware was used for all analyses.'0

Results
The figure gives a graphical representation in
the form of a oneway scatterplot of the change
in policy over time. The timing of individual
cases over the duration of the study is shown,
with the abrupt transition in the management
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Change in anticoagulation
protocol over the study
period (days).

policy and an increasing frequency of stent
implantation with time. The four cases treated
with anticoagulation after the transition are
shown. Three had an uncomplicated course,
and one had cardiac tamponade requiring
emergency drainage.
The baseline characteristics of the patients

and procedures, by anticoagulation regimen,
are shown in table 1. There are differences
between the groups which reflect changes in
technique and indication for stenting-and
which underline the necessity for multivariate
analysis to isolate the influence of the antico-
agulation regimen itself on outcomes. One
major change in technique coincident with the
change to aspirin alone was the use of non-
compliant high pressure balloons for stent
deployment, with a target deploying balloon
pressure of 16 bar. Use of the Palmaz-Schatz
stent increased over the 18 month period, with
the indication for the Wiktor stent changing
from a first line choice to a "niche" role for
lesions on acute bends or with major side
branches. With increasing experience there
was a greater elective use of stents (that is,
planned before the procedure, rather than
used in the event of dissection) and a reduc-
tion in enthusiasm for stenting lesions of
saphenous vein grafts.

Table 1 Characteristics ofpatients and lesions stented with full anticoagulation or aspirin
alone

Anticoagulated Aspirin alone
(n = 70) (n = 94) P

Age: mean (SD) 59-5 (8) 59-1 (9) 0-83
Male (%) 59 (84%) 74 (79%) 0-47
Unstable angina (%) 22 (31%) 26 (28%) 0 60
Number of stents (median (range)) 1 (1-3) 1 (1-4) 0-80
Stented length (mm) (median (range)) 15 (8-48) 15 (8-32) 0 49
Maximum pressure (bar) (median (range)) 10 (6-19) 16 (6-20) < 0 001
Final lesion diameter (mm) (median (range)) 3-5 (3-6) 3-4 (2-5-4-5) 0-02
Stent:
AVE 22 (31%) 21 (22%)
Palmaz-Schatz 27 (39%) 68 (72%) < 0 001
Wiktor 21 (30%) 5 (5%)

Vessel:
LAD 20 (29%) 40 (43%)
LCx 11 (16%) 19 (20%)
LIMA 0 1(1%) 004
LMS 0 2 (2%)
RCA 24 (34%) 26 (28%)
SVG 15 (21%) 6 (6%)

Indication:
Acute closure 4 (6%) 5 (4%)
Dissection 21 (30%) 30 (32%)
Elective 16 (23%) 29 (31%) 0-05
Chronic occlusion 2 (3%) 8 (9%)
Restenosis 14 (20%) 19 (20%)
SVG 13 (19%) 4 (4%)

LAD, left anterior descending; LCx, left circumflex; LIMA, left internal mammary artery;
LMS, left main stem; RCA, right coronary artery; SVG, saphenous vein graft.

There were 22 (13-4%) major complica-
tions: two deaths, 11 CABGs, six subacute
thromboses, two early post-procedural tam-
ponades, and one MI. One additional patient
experienced a sudden recurrence of angina at
one week after the procedure, which resolved
spontaneously without subsequent ECG
change. The patient was not admitted to hos-
pital. This case of possible SAT is not
included in the analysis. The major complica-
tions are tabulated by antiocoagulation regi-
men in table 2. The overall proportion of
adverse events was similar in each group
(1 1/70 (16%) for those given intensive antico-
agulation and 11/94 (12%) aspirin alone; P =
0 78). Both deaths occurred in the aspirin-
treated group. Of these, necropsy in one case
showed a patent stent 24 hours after the pro-
cedure, with arrhythmia being the most likely
cause of death. There was evidence of chronic
stent occlusion in the other patient, who died
suddenly at three months. It could not be
determined histologically whether this was a
case of organised thrombus or restenosis. Both
cases of cardiac tamponade occurred in
patients treated with intensive anticoagulation.
One was judged to have been caused by right
ventricular perforation by a temporary pacing
electrode and one was caused by coronary
artery perforation by the angioplasty guide
wire. All events are regarded as a single com-
bined endpoint to increase the power of the
analysis and because all are cardiac complica-
tions directly related to the interventional pro-
cedure. The high rate of CABG reflects the
inclusion of cases where coronary stents were
deployed to relieve ischaemia and as a bridge
to CABG after failed PTCA. They are
included here, but in none of the cases can
they be regarded as an unanticipated compli-
cation of stent deployment.

Table 3 details the analysis of the relation of
the baseline patient and lesion variables to the

Table 2 Major complications by anticoagulation regimen
Full anticoagulation Aspirin alone

Complication (n = 70) (n = 94)

Death 0 2
CABG 6 5
MI 0 1
SAT 3 3
Tamponade 2 0

CABG, coronary artery bypass grafting; MI, myocardial
infarction; SAT, subacute thrombosis.

l11 11111 111111IIIIIIIIII1111111111111111111 111
0 562

Cases treated with aspirin alone

II11111 11 111 1111111 11 1 1111111111111111II 11 11111111IIIII 11
0 Cases treated with aggressive anticoagulation 562
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Table 3 Odds ratios (OR) of major complication for 11 variables

Univariate Multivariate
OR (95% CI) P OR (95% CI) P

Anticoagulation v aspirin alone 1-14 (0-46 to 2-82) 0-78 1-03 (0-25 to 4-23) 0-97
Acute closure v other indication 26-3 (4-13 to 167) < 0-001 80-6 (8-10 to 801) < 0-001
Palmaz-Schatz v other stent 1-66 (0-63 to 4-34) 0-30 6-31 (1 45 to 27-4) 0-01
Male v female 0-44 (0-16 to 1-20) 0-10 0-19 (0-05 to 0-78) 0-02
Age 0-53 (0-21 to 1-34) 0-17 0-36 (0-11 to 1-25) 0-11
Number of stents 2-75 (1-11 to 6-84) 0-03 1-94 (0-82 to 4-55) 0-13
Maximumpressure used 0-68 (0-28 to 1-69) 0-41 0-43 (0-09 to 1-95) 0-27
Unstable angina 1-15 (0-45 to 3-04) 0-78 1-83 (0-56 to 5-91) 0-31
Final lesion diameter 0-64 (0-25 to 1-60) 0-33 1-49 (0-43 to 5-22) 0-53
LAD v other vessel 1-24 (0-35 to 4-32) 0-74 1-24 (0-35 to 4-32) 0-74
Length of stented segment 1-22 (0-33 to 4-50) 0-31 0-97 (0-17 to 5-50) 0-97

Continuous variables are dichotomised around a median value and the two groups compared.

risk of major complications. Anticoagulation
was not associated with an increased risk: the
OR was near unity (1-03; P = 0 97). The
most powerful predictor of complication was
stent implantation to bail out acute vessel clo-
sure, with OR = 81 in the regression analysis
(P < 0O001). Six of the eight cases of acute clo-
sure resulted in a major complication (CABG
in four, one SAT, and one tamponade). Other
independent predictors of a major complica-
tion were use of a Palmaz-Schatz stent and
female sex. There were also trends towards
independent effects of high balloon pressure
on risk reduction (OR 0-43) and increasing
procedural risk with the number of stents
deployed per case (OR 1-94 for each addi-
tional stent used).

There were four cases of femoral artery
pseudoaneurysm which required surgical
repair-three (4%) in anticoagulated patients
and one (1%) in a patient taking aspirin alone
(OR 2-25; P = 0 50).
Using stepwise linear regression, we derived

a model which accounted for 32% of the varia-
tion in length of stay (LOS):
LOS = 3-24 + 4-54 (anticoag) + 4-51

(major complication)
Each independent variable in the model is

coded 1 or 0. Thus, the baseline LOS in an
uncomplicated case treated with aspirin alone
is 3-2 days (95% CI 2-4 to 4-1), with 4.5 (3 3 to
5 8) days added if the patient was anticoagu-
lated and 4-5 (2-7 to 6-3) added if the proce-
dure was associated with a major
complication.

Discussion
This is an observational study of a change in
practice with coronary stents in one tertiary
referral centre in the UK. It provides further
evidence that early outcomes of coronary
stenting are as good with aspirin alone as they
are with an intensive anticoagulation regimen.
This outcome was obtained without the
potential benefit of ticlopidine or IVUS guided
stent deployment. Although the "best guess"
is that the risks are similar for each policy, the
confidence intervals on the odds ratio estimate
are wide (0-25 to 4-21), reflecting the lack of
power in the study. Indeed, over 1000 patients
would be required to demonstrate a reduction
in the complication rate from 12% to 6% with
any treatment (with 90% power and a =
0 05). Thus these data provide supporting evi-
dence that may increase the confidence of

other centres considering a change in antico-
agulation regimen. This is not, of course, a
randomised trial of two treatments, and our
conclusions are reached using epidemiological
modelling methods with their traditional
caveats related to association versus causation
and confounding. For example, although use
of a Palmaz-Schatz stent was associated with
an increased risk of complication in this study,
this may be because operators prefer to use
this device with "high risk" cases rather than
because the stent itself has adverse effects. Our
finding that women were at higher risk in this
series (independent of arterial size and age)
adds to the findings of adverse outcomes in
PTCA and CABG, which remain largely
unexplained.' 1-13
The equivocal benefit of changing to aspirin

alone would be of little interest if there were
no other tangible benefits. However, this
change in policy had the beneficial effect of
more than halving hospital stay to 3-2 days in
an uncomplicated case, with the implied con-
siderable reductions in morbidity and hospital
costs.
We conclude that stent implantation with

aspirin alone is probably as safe as intensive
anticoagulation, and brings considerable bene-
fits in reducing length of hospital stay.
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IMAGES IN CARDIOLOGY

Ball thrombus in the left ventricle

This echocardiogram was performed on an 84
year old woman admitted with left ventricular
failure. She had suffered an anterior myocar-
dial infarction 15 years previously, and was
known to have chronic lymphatic leukaemia.
She had not received antiplatelet or anticoagu-
lant treatment in the past.
The cross sectional echocardiogram (apical

four chamber view) demonstrates a large ball
thrombus (arrow) floating freely in the left
ventricle. There is evidence of a previous
myocardial infarction: the inter-ventricular
septum is aneurysmal and the left ventricle is
globally dilated and poorly contractile. The
aortic valve is calcified and stenosed, prevent-
ing the thrombus from leaving the ventricular
cavity. Indeed on several occasions the throm-
bus was seen to "bounce off' the aortic valve.

Although the incidence of left ventricular
thrombus after myocardial infarction is about
30%, the finding of thrombus completely free
in the left ventricle is rare. There are some
reports of surgical removal of such thrombus.
However, we believed that this was inappro-
priate in this frail patient. She died four
months later.
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